The hexagonal tessellation pattern of grid cells scales up progressively along the dorsal-to-ventral axis of the medial entorhinal cortex (MEC) layer II. This scaling gradient has been hypothesized to originate either from interpopulation synaptic dynamics as postulated by attractor networks, from projected theta frequencies to di↵erent axis levels, as in oscillatory models, or from cellular dynamics dependent on hyperpolarization-activated cation currents. To test the hypothesis that intrinsic cellular properties account for the scale gradient as well as the di↵erent oscillatory frequencies observed along the dorsal-to-ventral axis, we have modeled and analyzed data from a population of grid cells simulated with spiking neurons interacting through low-dimensional attractor dynamics. To investigate the causal relationship between oscillatory frequencies and grid scale increase, we analyzed the dominant frequencies of the membrane potential for cells with distinct after-spike dynamics. We observed that intrinsic neuronal membrane properties of simulated cells could induce an increase of grid scale when modulated by afterspike reset values. Di↵erences in the membrane potential oscillatory frequency were observed along the simulated dorsal-to-ventral axis, suggesting that, rather than driving to the increase of grid scale as proposed by interference models of grid cells, they are the result of intrinsic cellular properties of neurons at each axis level. Overall, our results suggest that the after-spike ⇤ dynamics of cation currents may play a major role in determining the grid cells' scale and that oscillatory frequencies are a consequence of intrinsic cellular properties that are specific to di↵erent levels of the dorsal-to-ventral axis in the MEC layer II.
tionally, such a scale gradient has been suggested to operate as an accurate manipulation of the resonant properties a↵ected by HCN channels in biological stellate cells [13] through a single parameter. In the model, parameters 106 were tuned to reproduce the bursting behavior of MEC layer II grid cells ob-107 served experimentally in stellate cells recordings [22, 23, 24] . The activation 108 function of each neuron in the network was defined by a system of ordinary The after-spike resetting mechanism is given by:
where c and d describe the after-spike membrane value and recovery vari- cell was recorded and used for the subsequent analysis.
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The virtual agent's method of exploration was set to exhibit two di↵erent 131 behaviors depending on the environment. In order to analyze di↵erences in 132 periodicity and size of grid cells' firing fields for populations with di↵erent 133 I h currents, the first behavior of the agent was to run back-and-forth in a The synaptic weights distribution was defined as:
where kc i c j k 2 tri denotes the Cartesian distance between cells c i and c j To test whether the modulation of HCN channels is su cient to trigger To quantify the increase in grid scale at the population level, we have 192 quantified each simulated cell firing field's size and distance (Fig. 3) . To do so, 193 we obtained the firing rate, spike count, at each position of the linear track as in Fig. 2 (bin size = 5 virtual points). A peak detection algorithm was applied to identify the firing fields. Firing fields whose peak rate was larger than 1. the two firing rate points on each side of its peak whose first derivative was 202 0. As for distance, we found that firing fields size is negatively modulated In order to quantify the stability of our model in the grid cells' spatial [8, 9] . 293 We used spiking neurons to mimic the properties of stellate grid cells and 294 thus modulate their hyperpolarization behavior. We found that after-spike- Figure S1: Evidence of attraction at the simulation initial steps. Every cell at each population (assemble) starts with random activity. The bump of activity is formed and attracted to a set of cells. A, B and C represents activity from population 1, 10 and 19, respectively. Figure S2 : Pairwise distances between spatial observations. Gaussian kernel sigma of firing fields for ten cells at each condition is shown. Decrease of condensed distance matrix against pairwise distances from ventral (left) to dorsal (right) conditions.
